evidence of cephalic arch stenosis (age 60 AE 30 years, 45% men) on elective angiograms. The median number of days until another angioplasty was required decreased, starting with a median of 91.5 days after the first, 70.5 days after the second, 85 days after the third, and 56 days after the fourth. Angioplasty is associated with a faster rate of recurrence of cephalic arch stenosis. The placement of intravascular stent seems to prolong the patency compared to angioplasty alone. Clinical trials with a larger sample size will better elucidate the value and timing of angioplasty versus stent placement in cephalic arch stenosis.
The cephalic arch comprises the portion of the cephalic vein in the shoulder as it traverses the deltopectoral groove through the clavipectoral fascia and passes below the clavicle and joins the axillary vein. Stenosis of the cephalic arch is a common feature in the failure of brachial artery-cephalic vein fistulas in maintenance hemodialysis (MHD) patients. In MHD patients with brachiocephalic fistulas, the cephalic arch is particularly susceptible to develop venous stenosis (1, 2) . Pathophysiology of cephalic arch stenosis (CAS) is likely multifactorial. The cephalic arch vulnerability to stenosis is thought to be due to the anatomic location in the deltopectoral groove thus limiting remodeling, angulation of the vein, and unfavorable shear stress related to increased blood flow (3) (4) (5) . The cephalic vein in patients with renal failure display accelerated intimal hyperplasia and wall thickening relative to cephalic veins in patients with normal renal function (6) . The anatomy of the arch itself may give rise to turbulent flow causing high wall shear stress that promotes endothelial proliferation, vasoconstriction, and platelet aggregation (7) . Venous valves located in the cephalic arch when exposed to high blood flows can hypertrophy, leading to the significant reduction in the luminal diameter of the vein (8) . Failure of a vessel to dilate in the face of intimal hyperplasia will result in narrowing of the venous lumen and to obstruction of blood flow. The diameter of the cephalic vein varies from patient to patient, and the pre-fistula-creation diameter of the vein may correlate with the level of venous enlargement after fistula placement. The distal part of the vein dilates in response to the higher flows, but the cephalic arch may not be able to adequately dilate to the extent that is needed to support an arteriovenous fistula (9) .
Purcutaneous balloon angioplasty has generally been the initial treatment option for venous stenosis and is considered to be the standard of care. However, CAS is frequently resistant to balloon angioplasty, requiring multiple angioplasty procedures in patients with recurrent stenosis. The use of higher pressure balloons is also often necessary, rendering the vessel susceptible to rupture (2) . Lack of optimal angioplasty outcomes have lead to the use of intravascular stent placement to be used for treatment of cephalic arch stenosis. Stenosis can occur within the stent and frequent recurrence of this stenosis may lead one to consider surgical options such as vein patch angioplasty and transposition of the cephalic vein to axillary or subclavian vein to manage this lesion (10, 11) . This study examines the value and timing of angioplasty versus angioplasty along with stent placement in management of cephalic arch stenosis.
Methods
We examined the risk of recurrence of cephalic arch stenosis after angioplasty or after stent place-ment determined by angiography of the involved upper extremity over time in a contemporary cohort of MHD patients treated in two interventional nephrology practices from March 2008 through May 2011.
Results
We retrospectively identified 45 MHD patients with evidence of cephalic arch stenosis (age 60 AE 30 years, 45% men) on elective angiograms ( Table 1 ). The median number of days until another angioplasty was required decreased, starting with a median of 91.5 days after the first, 70.5 days after the second, 85 days after the third, and 56 days after the fourth. An association was found between the number of angioplasties and a decreasing median number of days between each subsequent angioplasty. However, the median number of days between stent placement and the subsequent angioplasty was much greater (152 days) than the median number of days between the first two angioplasties of a patient who did not have a stent placed (91.5 days). An association was found between increased patency and stent placement. Of the 20 patients who had stents placed, the mean number of angioplasties required after stent placement was 0.75. In fact, of the patients who had a stent placed, 11 patients did not show any symptoms of cephalic arch stenosis and therefore did not require any subsequent angioplasties ( Fig. 1) . Of the 25 patients who did not have a stent placed, the mean number of total angioplasties required was 2.76. An association was found between stent placement and a decreased number of angioplasties required (Fig. 2 ).
Discussion
Randomized clinical trials that exclusively study CAS are sparse. Our study is one of the largest cephalic arch stenosis-specific studies performed to date.
Standard of care for stenosis in the cephalic arch remains percutaneous balloon angioplasty (PBA) which typically requires higher inflation pressures 
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during PBA at this site. Uncovered stents after PBA of cephalic arch stenosis is not optimal and there is no conclusive evidence to prove that placement of stent following PBA improves outcomes. The disadvantage of placing an uncovered stent is that its propensity for fracture and the added potential to convert a focal lesion into a stent-length lesion as intimal hyperplasia develops along the length of the stent. There have been no large randomized clinical trials evaluating outcomes with stent grafts at this location.
In a retrospective study of 177 failing fistulas (66% in the forearm and 34% in the upper arm), 39% of brachiocephalic fistulas and 2% of radial artery-cephalic vein fistulas had CAS (2) . In this study of 50 angioplasty procedures done on 26 fistulas, brachiocephalic fistulas were 37 times more likely to have CAS than radial artery-cephalic fistulas. Primary patency was 42% at 6 months and 23% at 1 year. The median primary patency was 5 months. Primary assisted patency was 83% at 6 months and 75% at 1 year with a median patency of 3 years. An average of 1.6 procedures was required in 12 months to assist patency. In contrast to primary patency of 50-75% after PBA in stenosis of AV fistulas in MHD patients that does not include cephalic arch, this study reported primary patency of 42% at 6 months at the cephalic arch.
In our study, 102 angioplasty procedures were done on 43 fistulas comprising predominantly of 40 brachiocephalic fistulas. There was one radial artery-cephalic vein fistula, two grafts, and two brachial artery-basilic vein fistulas. An association was found between increased patency and stent placement. Of the 20 patients who had stents placed, the mean number of angioplasties required after stent placement was 0.75. In fact, of the patients who had a stent placed, 11 patients did not show any symptoms of cephalic arch stenosis and therefore did not require any subsequent angioplasties. Of the 25 patients who did not have a stent placed, the mean number of total angioplasties required was 2.76. An association was found between stent placement and a decreased number of angioplasties required.
There has not been a randomized controlled trial of adequate sample size comparing bare metal stents with stent grafts in CAS. Twenty-five patients with recurrent CAS (defined as recurrent CAS within 3 months of successful balloon angioplasty) were randomized to receive angioplasty in addition to placement of either stent graft or bare metal stent (12) . In this randomized prospective study with significant limitations which compared 6-month primary patency between stents and stent grafts, there was a reported 39% primary patency with stents and 82% with stent grafts. Surgical treatment of cephalic arch stenosis is considered in the setting of recurrent in situ or in-stent stenosis (10) .
The median number of days in our study between stent placement and the subsequent angioplasty was much greater (152 days) than the median number of days between the first two angioplasties of a patient who did not have a stent placed (91.5 days). This suggests stent placement can prolong the patency period after angioplasty.
Previous studies have shown that angioplasty itself can accelerate neointimal hyperplasia leading to stenosis in fistulas and confirming this observation in our study median number of days until another angioplasty was required decreased, starting with a median of 91.5 days after the first, 70.5 days after the second, 85 days after the third, and 56 days after the fourth. No stent grafts were used in our study.
Some limitations of our study are its retrospective nature, type of stent in each of the patients was not uniform, and the degrees of stenosis before angioplasty was not equivalent which may have an impact on time to recurrence of stenosis after angioplasty.
Conclusions
Angioplasty alone is associated with a faster rate of recurrence of cephalic arch stenosis. The placement of intravascular stent seems to prolong the patency compared to angioplasty alone. Clinical trials with a larger sample size will better elucidate the value and timing of angioplasty versus stent placement in cephalic arch stenosis. 
